Quantum topological materials, exemplified by topological insulators, threedimensional Dirac semimetals and Weyl semimetals, have attracted much attention recently because of their unique electronic structure and physical properties.
Very lately it is proposed that the three-dimensional Weyl semimetals can be further classified into two types. In the type I Weyl semimetals, a topologically protected linear crossing of two bands, i.e., a Weyl point, occurs at the Fermi level resulting in a point-like Fermi surface. In the type II Weyl semimetals, the Weyl point emerges from a contact of an electron and a hole pocket at the boundary resulting in a highly tilted Weyl cone. In type II Weyl semimetals, the Lorentz invariance is violated and a fundamentally new kind of Weyl Fermions is produced that leads to new physical properties. WTe 2 is interesting because it exhibits anomalously large magnetoresistance. It has ignited a new excitement because it is proposed to be the first candidate of realizing type II Weyl Fermions. Here we report our angle-resolved photoemission (ARPES) evidence on identifying the type II Weyl Fermion state in WTe 2 . By utilizing our latest generation laser-based ARPES system with superior energy and momentum resolutions, we have revealed a full picture on the electronic structure of WTe 2 .
Clear surface state has been identified and its connection with the bulk electronic states in the momentum and energy space shows a good agreement with the calculated band structures with the type II Weyl states. Our results provide spectroscopic evidence on the observation of type II Weyl states in WTe 2 . It has laid a foundation for further exploration of novel phenomena and physical properties in the type II Weyl semimetals.
The study of quantum topological materials has seen a rapid progress from the discovery of topological insulators and superconductors [1, 2] , to three-dimensional Dirac semimetals [3] [4] [5] [6] [7] [8] [9] [10] and to three-dimensional Weyl semitemtals [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . These materials have attracted much attention because they represent new states of matter with unique electronic structure, spin texture and associated novel physical properties. The latest development is the further classification [22] of the three-dimensional Weyl semimetals which resulted in the so-called "type II" Weyl semimetal in addition to the known type I weyl semimetals [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . In the type I Weyl semimetals, a topologically protected linear crossing of two bands, i.e., a Weyl point, occurs at the Fermi level resulting in a point-like Fermi surface. In this 2 new type II Weyl semimetals, the Weyl point is expected to emerge from a contact of an electron and a hole pocket at the boundary resulting in a highly tilted Weyl cone. In type II Weyl semimetals, the Lorentz invariance is violated and a fundamentally new kind of Weyl Fermions is produced that leads to new physical properties [22] .
WTe 2 became well-known for its manifestation of extremely large magnetoresistance that was attributed to the compensation of electrons and holes in the material [23] . Various alternative mechanisms have been proposed later on for accounting for the anomalous transport properties of WTe 2 [24] [25] [26] [27] [28] . A complete understanding of the electronic structure of WTe 2 is a prerequisite for ascertaining the origin of its anomalous transport properties. However, because of the existence of multiple pockets in a limited momentum space, the full nature of the electronic structure in WTe 2 remains controversial [29] [30] [31] [32] [33] In this work, we report a combined experimental and theoretical study on the complete picture of the electronic structure and the existence of type II Weyl Fermions in WTe 2 . Taking advantage of our latest generation laser-ARPES system that can cover two-dimensional momentum space simultaneously with unprecedented energy and momentum resolution, we have revealed a full picture on the electronic structure of WTe 2 . We have unambiguously identified the existence of surface state that connects the bulk electron and hole pockets.
High temperature ARPES measurements make us possible to reveal electronic states above the Fermi level. The observed connection of the surface state with the bulk bands, its momentum evolution, its momentum and energy locations, are all in good agreement with the calculated band structures with type II Weyl points. Our results provide strong evidence on WTe 2 being a type II Weyl semimetal and lay a foundation for further exploration of novel physical properties in type II Weyl semimetals.
WTe 2 is a layered compound which crystallizes in the Td type of orthorhombic crystal structure [38] . Its crystal structure is constructed from layer-stacking along the c-axis of the two-dimensional WTe 2 sheets (as seen in Fig. 1a ) (See Methods for details of the samples).
Its corresponding bulk Brillouin zone and projected (001) surface Brillouin zone are shown in Fig. 1b and 1c , respectively. The ARPES data on WTe 2 are taken using our new laser-based ARPES system equipped with the latest-generation time-of-flight analyzer(see Methods for experimental details). It not only has super-high energy and momentum resolutions, but also has a unique capability of covering two-dimensional momentum space simultaneously, making it ideal in resolving fine electronic structure in the momentum space. We also take ARPES measurements under two distinct s-and p-polarization geometries. Because photoemission involved matrix element effects that enhance or suppress the signal of each bands, our measurements under two polarization geometries provide complementary information to fully reveal the electronic structures of the sample that is measured.
Depending on different cleavage surfaces and different measurement conditions, we have resolved three forms of distinct electronic structures on WTe 2 (see Fig. S1 in Supplementary Materials). The one reported in this main text is observed most often during the experiments, and this is also the same electronic structure form where the type II Weyl semimetal state is predicted in WTe 2 . Therefore, we will focus on this electronic structure form in the main paper. There is spectral weight near Γ point in the measurement under s-polarization geometry (Fig. 1e ) that is strongly suppressed in the measurement under p-polarization geometry (Fig. 1d) . A flat band can be observed near Γ point in Fig. 2l . Detailed analysis indicates that this band top is about 5 meV below the Fermi level, therefore does not form a Fermi surface sheet. With increasing binding energy, it shows up as a hole pockets and grows in its area, as seen in Fig. 1i and 1j. (4) . A prominent feature in the measured Fermi surface is the V-shaped SS1 segment that connects the hole pockets and electrons in Fig.   1d and 1e. It keeps in contact with the electron pocket with increasing binding energy but gradually detaches from the hole pockets (Fig. 1i an 1j ). This feature is not present in the calculated bulk Fermi surface (Fig. 1g ) and bulk band structure (Fig. 2m ) but is consistent with the band structure calculations including the surface state ( Fig. 1h and Fig. 2n ). The remarkable agreement between the measured and calculated Fermi surface ( Fig. 1(d,e) and Fig. 1h ), as well as between the measured and calculated band structures ( Fig. 2f and 2l and Fig. 2n ), provides compelling evidence that this SS1 feature is the surface state expected from band structure calculations. (5) . In the calculated band structures (Fig. 2n) , there is another surface state band ss2. But this band is clear above the Fermi level and merges into bulk bands below the Fermi level. Therefore,this ss2 surface band is not resolved clearly in our measured band structures ( Fig. 1f and 1l ).
The clear resolving of all the electronic structures by our super-high resolution laser ARPES provides a full picture of the electronic structure of WTe 2 which helps resolve the controversies in the literature due to missing components and mis-assignment. It is clear that, within the similar energy range, we have resolved more complete bands than reported before in WTe 2 [25, 33, 39, 40] . The excellent agreement between our experiments and band structure calculations provides an unambiguous identification of each band in WTe 2 .
The absence of the third hole pocket in the calculations (Fig. 1g) could be due to slight chemical potential difference; slight shifting down of the chemical potential can produce the third hole pocket in the calculation (see Supplementary Materials). In particular, the clear observation and assignment of the surface state SS1 is important for examining the electronhole compensation picture for understanding the anomalously large magnetoresistance in WTe 2 because it was either not resolved or assigned incorrectly as a bulk band [25, 33, 39, 40] .
According to our results, we obtain hole concentration of 0.017Å According to our band structure calculations, there are four pairs of type II Weyl points (W1,W2) in WTe 2 on the k z = 0 plane, as shown in Fig. 4c in the momentum space that is consistent with previous calculations [22] . The W1 Weyl point is located 56 meV above the Fermi level while the other W2 Weyl point is 89 meV above the Fermi level (Fig.   4f ). Two surface state bands are expected, ss1 and ss2, that are non-trivial,as also stated before [22, 34, 35] . Along the Γ-X direction (Fig. 4b, Cut 1) , the surface state band ss1 comes out of the electron band δ and merges into the hole band α. When the momentum cuts moves away from the Γ-X direction (Fig. 4b, Cut 2) , the electron pocket and hole pocket touches at the first Weyl point W1 and the surface state joins the W1 Weyl point.
After that (Fig. 4b, Cut 3) , the surface state ss1 comes from the electron band and goes 6 band to the electron band. But another surface state ss2 connects the hole band and also electron band at even higher energy. Further increase of k y (Fig. 4b, Cut 4 ) results in the second touching of electron and hole pockets at the Weyl point W2 where the surface state ss2 merge into the bulk band. Eventually (Fig. 4b, Cut 5) , the electron band and hole band separate again, and the surface state ss1 comes from the electron band and goes back to electron band. These detailed information provide rich information for experiments to compare and check on the Weyl points.
In order to reveal the Weyl points that lie above the Fermi level, we carried out high resolution ARPES measurements on WTe 2 at high temperatures, which makes it possible to observe electronic states above the Fermi level due to thermal excitations. Fig. 4a show measured band structures at 165 K along Γ-X direction with different k y that covers the momentum and energy window of the Weyl points. This make it possible to observe the top of the hole bands (Fig. 4a) which are similar to those in band calculations (Fig.   4b ). Although the signal is relatively weak in this case simply because it is from thermal excitations, and the data are not clear enough to resolve individual Weyl points, the overall agreement between the measurements (Fig. 4a) and calculations (Fig. 4b) is rather good.
In particular, it is clear that along Γ-X (Fig. 4a, Cut 1) , the surface state ss1 comes out from the electron band and merges into the hole band. But when it comes to Cut 5 ( The angle-resolved photoemission (ARPES) measurements were performed at our new laser-based ARPES system equipped with the 6.994 eV vacuum-ultra-violet (VUV) laser and the time-of-ight electron analyzer (ARToF10K by Scienta Omicron) [41] . This latest ARPES system is capable of measuring photoelectrons covering two-dimensional momentum space (kx, ky) simultaneously. Measurements were performed using both s-and p-polarization geometries with a laser repetition rate of 500 KHz. In the s-polarization geometry, the electric field vector of the incident laser is perpendicular to the plane formed by the incident light and the lens axis of the electron energy analyzer, while in the p-polarization geometry, the electric field vector of the incident light lies within such a plane. The overall energy resolution was set at 1-5 meV, and the angular resolution was ∼0.1
• . All the samples were measured in ultrahigh vacuum with a base pressure better than 5×10 −11 mbar. The crystal was cleaved in situ at 20 K.The Fermi level is referenced by measuring on a clean polycrystalline gold that is electrically connected to the sample.
The electronic structure calculations are performed by using the projector augment wave (PAW) method [42, 43] as implemented in the Vienna ab initio simulation package (VASP) [44, 45] . The experimental lattice constants are employed in the electronic structure calculations. The exchange and correlation effects are treated using the generalized gradient approximation (GGA) [46] . Spin-orbit-coupling is taken into account in the self-consistent 
